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IMAGE PROCESSING DEVICE, IMAGE 
PROCESSING METHOD, RECORDED 
MEDIUM, AND PROGRAM 

TECHNICAL FIELD 

The present invention relates to technology for converting 
color image data, and more specifically relates to technology 
for converting image data of a first color coordinate system 
into dot volume data related to the dot formation density for 
the dots of each color of a second color coordinate system. 

BACKGROUND ART 

Image display devices that express color images by form- 
ing dots of each color on a printing medium or on a display 
medium called a liquid crystal display are widely used as 
output devices for various types of image equipment. With 
the concerned image display devices, only a specific limited 
number of multiple color dots can be formed, but by forming 
these colored dots mixed at a suitable ratio, it is possible to 
express color images. 

Color image data that is input to an image display device 
is supplied as data combined with image data of specified 
colors, and normally, the various colored dots used to 
express color images by an image display device are used 
combined with different colors from the specified colors of 
image data that form the color image data. Because of this, 
to display color images using an image display device, the 
following type of data conversion is performed on the color 
image data, and the various colored dots are formed based 
on the obtained image data. 

First, the color image data expressed as a set of the various 
colored image data is converted into image data according to 
specific colors for which it is possible to form dots using an 
image display device. The process of converting the color 
image data expressed as a set of specific colors into color 
image data expressed as a different set of colors in this way 
is called color conversion. from a fir st co lor coordina te 
s ystem into a second color coordina te system, or simply 
called * color conver sion'. After a color conversion is done 
once by an image display device, and color image data are 
converted by each color into a set of specific colors that can 
be printed as dots by an image display device, the obtained 
various colored image data is converted for each color to 
image data in an expression format based on the dot on-off 
state. A color image is expressed by the image display device 
forming various colored dots on the display medium based 
on the image data in an expression format based on the dot 
on-off state obtained in this manner. 

Color images formed in this manner are expressed by 
various color dots, so when the dots show clearly, the image 
has a rough feel, with poor so-called granularity, making for 
poor image quality. To avoid this kind of degraded granu- 
larity, image display devices that can form dots that do not 
show clearly are widely used. Examples of dots that do not 
show clearly are s mall dots or li ght color dots . If an image 
is expressed by^torming these dots which do not show 
clearly, it is possible to express images with good granularity 
and with high image quality. 

Also, if these dots that do not show clearly are formed 
instead of normal dots, the increase portion of the tone value 
due to forming a certain number of dots, in other words, the 
tone value that can be expressed per dot, becomes smaller 
than the normal dots are formed. Therefore, with image, 
display devices that can form small size dots (small dots) or 
light color dots (light dots), for example, it is possible to 



express fine level tone changes, and from this perspective as 
well, it is possible to express high image quality images. 

However, although it is possible in theory to express fine 
level tone change by forming the small dots or the light dots, 

5 there are some cases in which fine level tone changes are not 
expressed enough. Of course, by forming dots that do not 
show clearly, an image with high image quality for which 
the dots do not show clearly is expressed, but it is not 
possible to obtain a sufficient effect of expressing fine level 

10 tone changes in addition to expressing images with good 
granularity. It would be possible to display images of even 
higher image quality if it were possible to sufficiently draw 
out the potential performance that image chspiay devices 
have, making it possible to accurately express fine level tone 

15 changes as well. 

The present invention was created to solve the problems 
of the prior art described above, and its goal is to, for an 
image display device that can form dots th at do not show 
clearly such as small dots or light dots 7 to provide tecnnol- 

20 ogy that makes it possible to display images with high image 
quality by drawing put the natural performanceof the image 
display device. 



DISCLOSURE OF THE INVENTION 



25 



30 



4 sy 



To solve at least part of the problems described above, the 
following structure was used for the image processing 
apparatus of the present invention. Specifically, 

the summary of the invention is an image processing 
apparatus that converts image data expressed by sets of 
various tone values which express a color image into dot 
volume data related to dot formation density of various type^ 
dots which express „^Sfere^..__tpne __yalues) per respective 
single dots, said image processing apparatus comprising: 
35/ a color conversion module that receives first image da ta 
expressed by sets of various tone values of aJksJLcolor 
coordinate system and converts the first image data into 
s econd ima%ej 3ata expressed by sets of the tone values of 
each color which comprises a second , col or coord inate 
system; and 

a dot volume data conversion module ; that converts said 
second image data into dot volume data of said various type 
I dots with respect to each color of said second color coor- 
\ dinate system, 

45 v_ wherein said color conversion module converts said first 
image data into second image data which are increased 
proportionally with the tone value relationship between said 
second image data kept in the same sequence, when said 
second image data is at le^st in a preset tone range, where the 
50 smallest dots, which express the smallest tone value per 
respective single dots among the various type dots, are 
generated, and 

said dot volume data conversion module converts said 
second image data of which said tone value is increased 
55 proportionally into said dot volume data which have been 
corrected to be embarrassed from said proportional increase. 

Also, the image processing method of the present inven- 
tion corresponding to the aforementioned image processing 
apparatus is as follows: 

an image processing method that converts image data 
expressed by sets of various tone values which express a 
color image into dot volume data related to dot formation 
density of various type dots which express different tone 
values per respective single dots, said image processing 
method comprising: 

(A) a process of receiving first image data expressed by 
sets of various tone values of a first color coordinate system 
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and converting the first image data into second image data 
expressed by sets of the tone values of each color which 
comprises a second color coordinate system; and 

(B) a process of converting said second image data into 
said dot volume data of said various type dots with respect 
to each color of said second color coordinate system, 

wherein said process (A) converts said first image data 
into second image data which are increased proportionally 
with the tone value relationship between said second image 
data kept in the same sequence, when said second image 
data is at least in a preset tone range where the smallest dots, 
which express the smallest tone value per respective single 
dots among the various type dots, are generated, and 

said process (B) converts said second image data of which 
said tone value is increased proportionally into said dot 
volume data which have been corrected to be embarrassed 
from said proportional increase. 

The aforementioned invention of this application was 
completed by finding a reason why, for a prior image display 
device that can form dots that do not show clearly ^such as 
small dots or light dots, it is not possible to obtain sufficient ; 
improvement effect for image quality, and) by taking into 
consideration knowledge that reflects that reason. In light of 
this, before explaining the reason that it is possible to display 
images of high image quality by 'drawing? put (the natural 
performance of the image display (deyicejby applying the 
invention of this application to an image display device that 
can form dots that do not show clearly suchas small dots or 
light dots, first, we will explain hereafter the new knowledge 
we discovered.; 

To make the explanation simpler, we will explain an 
example of a case of color conversion of RGB image data 
into image data of the CMY colors. Specifically, we will 
explain a case where the image data of the first color 
coordinate system is RGB image data, and the image data of 
the second color coordinate system is CMY image data. Of 
course, the invention is not limited to this case, and the 
image data expressed by a set of tone values can be image 



As described previously, RGB image data (255, 255, 255) 
shows a white color, so all the tone values are set to 0 for the 
tone values of each color CMY in the color conversion table. 
Also, RGB image data (245, 255, 255) shows a slightly light 
5 cyan color, so that as the tone values for each color CMY 
corresponding to the color conversion table, the tone values 
of M and Y are set to 0, and only the tone value for C is set 
to a value that is not 0 (e.g. tone value 4). From this fact that 
the tone value for only C is set to a certain value that is not 
10 0, when taking RGB image data for which white color 
changes to cyan color and this is color converted to data for 
each color .CMY, it is sufficient to focus only on the tone 
value of theX color: In light of this, in FIG. 22(a), the tone 
value of the C color obtained by color converting the RGB 
15 image data is displayed using the vertical axis. As shown in 
the figure, the RGB data (255, 255, 255) on the left edge of 
the horizontal axis is converted to C color tone value 0, and 
„ the RGB image data (245, 255, 255) at the right side of the 
horizontal axis is convertedto C color tone value 4. When 
20 color converting me RGB image data that is between these 
two points, it its acceptor^ between i&Jwpj 

points as shown by the dotted line in FIG. 22(a). Here, if as 
with the RGB image data, the image data of each CMY color 
is also 1 byte data, then only an integer of 0 or greater can 
25 be used for the C color tone value. Because of this, though 
interpolation is supposed to be as shown by the dotted line 
in FIG. 22(a), interpolation is done to data that changes in 
step fashion as with 0, 1, 2 ... as shown by the solid line. 
FIG. 22(b) is an explanatory diagram that conceptually 
30 shows the situation that obtains data (dotjvolume^SSta) that 
is equivalent to the 'density of the dots to be formeci on the 
display medium by doing color conversion and then con- 
verting the obtained n^ ^fprrnmg|yan 
types of dots based on the dot volume data obtained in this 
35 way, an image display device displays an image on a display 
medium. The horizontal axis of FIG. 22(b) shows RGB 
image data in the same manner as FIG. 22(a). Also, we are 
considering only the case of the C color tone value changing 
from tone value 0 to tone value 4 here, so only C color small 



data of various formats including, for example, image data 40 dots (or light dots) are formed. In light of this, the dot 
according to a so-called Lab color coordinate system, or volume data of the C color small dots is shown in the vertical 
image data according to an XYZ color coordinate system. ax j s 0 f FI<122(6). As described previously,! small Sots are 



dots which do not show clearly, so ..to. ; expre^^jncrease in 
unit volume tone value, more dots must be formed than with 



iRpBlmag^^J^ls expressed by sets of tone values) of the 
colors R, G, and B. Hereafter, image data for which ifelrSfle) 

values of the colors R, G, and B are assigned respectively the 45 normal dots. Here, increasing me C^^& ^lue by 1 

values" DR,DG, and DB^will be displayed as (DRJDG, DB)Tj corresponds to increasing the dot volume data of the C color 

Here, we will consider a case when image data for which small dots by 4. 

RGB image data (255, 255, 255) changes to (245, 255, 255) As shown in FIG. 22(6), when RGB image data is 

undergoes color conversion to CMY color image data. If the changed from (255, 255, 255) to (245, 255, 255), the dot 

RGB image data is 1 byte (8 bits) data, then (255, 255, 255) 50 volume data of the(C color small dots changes as with 0, 4, 

would express a white image, and (245, 255, 255) would g, . . . Of course, dot volume data" can be in the form of the 

express a slightly light cyan color image. va i ues 0, 1, 2, . . . , but as shown in FIG. 22(a), because the 

FIG. 22(a) is an explanatory diagram that conceptually C color tone value changes as 0, 1, 2, . . . , the dot volume 

shows the situation when RGB image data that changes from data of the C color small dots obtained by converting this 

this kind of white image to a light cyan color undergoes 55 end up changing in step form as with 0, 4, 8, . . . . 

color conversion to CMY color image data. The horizontal From the above knowledge, if the resolution of the image 

axis of FIG. 22(a) conceptually shows RGB image data, and data of each CMY color is increased andfthe tone rajuesjof 

the left edge of the horizontal axis shows image data (255, leach color CMY can also use decimals,? it may be possible 

255, 255) while the right edge shows image data (245, 255, to change the dot volume data of the small dots smoothly as 

255). We will explain the details later, but normally, color 60 with 0, 1, 2 . . . However, if 2 byte data is used for the image 



conversion is performed by referencing a number chart 
called a color conversion table. In a color conversion table, 
combinations of tone values for each color CMY are set to 
correspond to combinations of tone values for each color 
RGB selected discretely. Here, combinations of tone values 
for each color CMY are set corresponding to RGB image 
data (255, 255, 255) and RGB image data (245, 255, 255). 



65 



data of each CMY color expressed as 1 byte data in order to 
increase resolution, we can anticipate that there will be a 
significant increase in the image data volume. Furthermore, 
if the CMY tone values to be recorded in the color conver- 
sion table are recorded as 2 byte data, we can also anticipate 
a significant increase in the capacity required to store the 
color conversion table as well. 
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The invention of this application was completed based on 
knowledge and considerations such as those explained 
above, and the structure described above is used. If the 
invention of this application is applied to an image display 
device that can form dots that do not show clearly such as 5 
small dots or light dots, due to the reasons explained 
hereafter, the potential performance of an image display 
device can be drawn out, making it possible to easily display 
images of high image quality. 

For the image processing apparatus and image processing 10 
method of this application described above, when said first 
image data is color converted to said second image data, in 
a preset tone range for which at least the smallest dots are 
formed, color conversion is done to image data for which 
tone values are increased proportionally. If we explain based 15 
on the previously described example using FIG. 22, when 
RGB image data is color converted to image data of each 
CMY color, in the highlight areas where small dots or light 
dots are formed, at least the tone values of each CMY color 
are converted to larger value tone values. Instead of increas- 20 
ing the resolution of the image data of each CMY color, if 
the tone values of each CMY color are converted to larger 
values, then it is possible to supplement the resolution, 
in^Sfficie^y. Also, in the highlight area, smaller values are 
used for the tone values of each CMY color, so even when 25 
converted to larger value tone values, it is possible to keep 
from exceeding a tone value of 255. 

When first image data is converted to second image data 
for which the tone value has been increased proportionally 
in this way, color conversion is done to second image data 30 
for which the tone value has been proportionally increased 
with the tone value relationship of the data for said second 
image data kept in the same sequence. For example, by 
doing color conversion of first image data Dal and Dbi; 
without propoAonaiiy mcreasing)the tone value, then da2 35 
and db2 will be obtained, respectively. If there is a relation- 
ship of da2>db2 for these second image data, then the image 
data Da2 and Db2 obtained by color converting first image 
data Dal and Dbl to second image data for which the tone 
value was proportionally increased will always be color 40 
converted so as to have a relationship of Da2>Db2. 

In this manner, if second image data for which the tone 
value was proportionally increased while the tone value 
relationship was kept in the same sequence, said image data 
is converted to dot volume data for the various types of dots 45 
that can be formed by an image display device. At this time, 
considering the fact that the second image data tone value is 
proportionally increased, the dot volume data is converted 
while eliminating the concerned proportional increase. As 
described previously, second image data for which the tone 50 
value is proportionally increased has the tone value rela- 
tionship between image data kept the same, so accurate dot 
volume data can be obtained by suitably eliminating the 
proportional increase of the tone value. 

By using this kind of method, even in a specific tone value 55 
range for which the smallest dots with the smallest tone 
value expressed per single dot is formed, it is possible to 
obtain dot volume data that ensures the necessary resolution. 
If dots are formed based on dot volume data obtained in this 
way, the potential performance held by an image display 60 
device is drawn out, making it possible to express images of 
high image quality for which fine level tone changes are 
suitably expressed. 

With the concerned method, by proportionally increasing 
the tone value of the second image data instead of increasing 65 
the resolution of the second image data, the resolution 
insufficiency is supplemented. Therefore, there is also no 
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risk of increasing the image data volume as happens in a 
case when the resolution of the second image data is actually 
increased. 

For the image processing apparatus described above, it is 
also possible to correlate sets of various tone values of said 
first color coordinate system and the sets of tone values of 
each color of a second color coordinate system for which 
said tone values are proportionally increased, to record these 
in a proportionally increased color conversion table, and to 
convert said first image data to second image data for which 
said tone values have been proportionally increased by 
referencing the concerned proportional increase color con- 
version table. 

If this type of proportionally increased color conversion 
table is referenced, it is possible to quickly convert first 
image data to second image data for which tone values have 
been proportionally increased, and this is optimal. Also, if 
the concerned method is used, there is also the advantage 
that if the tone values of the second image data set in the 
color conversion table are simply changed to tone values 
which have been proportionally increased, it is possible to 
color convert first image data to second image data for which 
the tone values have been proportionally increased without 
doing any kind of special processing. 

For the image processing apparatus described above, it is 
also possible to correlate with respect to each color of said 
second color coordinate system the tone values of second 
image data for which said tone values are proportionally 
increased and dot volume data for each of said various types 
of dots for which said proportional increase is eliminated, to 
record this in a corrected dot volume table, and to convert 
second image data for which said tone values have been 
proportionally increased into dot volume data of each type 
of dot for which said proportional increase is eliminated for 
each color of said second color coordinate system by refer- 
encing the concerned corrected dot volume table. 

If this kind of corrected dot volume table is referenced, it 
is possible to quickly convert second image data for which 
the tone values have been proportionally increased into dot 
volume data for each type of dot for which said proportional 
increase has been suitably eliminated. Also, if this method is 
used, by simply setting dot volume data for each type of dot 
set in the dot volume table to a suitable value, there is also 
the advantage of being able to eliminate the proportional 
increase part of the second image data and obtain suitable 
dot volume data without performing any kind of special 
processing. 

For the image processing apparatus described above, it is 
also acceptable to perform color conversion after adding a 
specified proportional increase to the tone values of first 
image data as described hereafter. Specifically, at least in a 
(specific tone value range in which said smallest dots are 
formed, the tone values of said first image data is propor- 
tionally increased so as to proportionally increase the tone 
values gfjsaid ^ second im the tone value 

relationship between said second image data kept the same. 
In this way, it is also acceptable to obtain second image data 
for which said tone values have been proportionally 
increased, by color converting the proportionally increased 
first image data into said second image data. 

In this way, if color conversion is done after proportion- 
ally increasing the first image data, it is possible to convert 
said first image data into second image data for which the 
tone values have been proportionally increased without 
changing the color conversion table. 

For the image processing apparatus described above, said 
smallest dots can be made the dots of the smallest size of the 
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dots that are formed, and to do color conversion of second from the set of tone values of the first color coordinate 

image data for which said tone values have been propor- system that forms the prerecorded color conversion table, 

tionally increased in a preset tone range in which such the When generating from a color conversion table a new 

smallest size dots are formed. Alternatively, it is also pos- color conversion table that includes new sets of various tone 

sible to have the dots with the lowest concentration of the 5 values of a first color coordinate system that is ndt in the 

dots that are formed be said smallest dots, and to do color original table, errors will occur due to rounding of data in the 

conversion of second image data for which said tone values image data of the second color coordinate system that 

have been proportionally increased in a preset tone range in corresponds to said new sets of various tone values. In light 

which such the lowest concentration dots are formed. of this, in such a case, if the newly generated color conver- 

Dots of the smallest size of the dots that are formed, or 10 sion table is made as a color conversion table for which the 

dots with the lowest dot concentration have a small tone tone values are proportionally increased, even when the 

value expressed per single dot, so in the preset tone range in resolution for the image data of the second color coordinate 

which these smallest dots are formed, if the first image data system is insufficient, it is possible to obtain accurate dot 

is converted to second image data for which the tone values volume data by supplementing this, 

have been proportionally increased, it is possible to perform *5 Alternatively, it is also possible to have the proportionally 

optimal supplementation of the resolution of the second increased color conversion table generated by an image 

image data. processing apparatus in this way be a table for which the sets 

For the image processing apparatus described above, it is of various tone values of the first color coordinate system 

also acceptable to take as the image data of said first color that forms the table be formed from multiple sets rather than 

coordinate system the tone values of each color at least 20 from sets of the tone values of the first color coordinate 

including the three primary colors of light, and to convert system that forms the prerecorded color conversion table, 

said image data into said dot volume data for each color at when generating a color conversion table formed by 

least including the three primary colors of ink. multiple sets rather than by sets of tone values of the first 

In many cases, color image data is supplied as image data color coordinate system, image data of the second color 

of colors including red, green, and blue which are the three 25 coordinate system corresponding to the newly added sets are 

primary colors of light, and in many cases, when the color calculated. If the resolution for the image data of the second 

image is printed, printing is done by forming dots of colors color coordinate system is insufficient, errors may occur due 

including at least cyan, magenta, and yellow which are the to rounding of the data in the image data calculated from 

three primary colors of ink. Therefore, it is preferable that these. In light of this, in such a case, if the newly generated 

me image processing apparatus be able to be broadly applied; 30 color conversion table is made to be a color conversion table 

to color image printing. for which the tone values are proportionally increased, even 

Also, for the image processing apparatus described above, if th e resolution for the image data of the second color 

it is possible to use a structure like that described hereafter. coordinate system is insufficient, it is possible to obtain 

Specifically, sets of various tone of a first^color 35 accurate dot volume data by supplementing this, so this is 

coordinate system and the sets of tone values of each color; preferable. 

ofja second color coordinate system are correlated and It is also possible to suitably apply the image processing 
recorded in advance i conversion ^ When apparatus of the present invention to a printing control 
converting image data, by performing a specific conversion apparatus that controls a printing unit by outputting printing 
on a prerecorded color conversion table, a proportionally 4Q data for controlling dot formation to a printing unit that 
increased cote cpnvereion table is generated for which prints a color image by forming various dots of differing 
combinations of the various types of tone values of said first tone values expressed per single dot using ink of various 
color coordinate system and combinations of the tone values colors on a printing medium. Specifically, the image pro- 
of each color of a second color coordinate system for which cessing apparatus described above can receive image data 
said tone values have been proportionally increased are 45 expressed by a first color coordinate system and convert to 
correlated and recorded. It is also possible to do color dot volume data according to a second color coordinate 
conversion of image data of the first color coordinate system system with the resolution kept as is. Therefore, if the 
into image data of the second color coordinate system for concerned image processing apparatus is applied to a print- 
which said tone values have been proportionally increased ing control apparatus that controls a printing unit which can 
while referencing a proportionally increased color conver- 5Q form various types of dots with different tone values 
sion table generated in this manner. expressed per single dot, it is possible to draw out the 
When performing a specified conversion on a color con- performance of the printing unit and to print color images of 
version table, as a result of data being rounded off due to high image quality. 

insufficient resolution for the image data of the second color Also, the present invention can be realized using a cpm- 

coordinate system, errors are included in the obtained color 55 puter by reading into the computer a program that realizes 

conversion table, making it difficult to obtain accurate dot the image processing .method described above. Therefore, 

volume data. In comparison to this, if the color conversion the present invention also includes an aspect as a recording 

table is converted to said proportionally increased color medium as described hereafter. Specifically, the recording 

conversion table, it is possible to supplement even when medium of the present invention that corresponds to the 

there is insufficient resolution for the image data of the 60 image processing method described above is as follow: 

second color coordinate system, making it possible to obtain an recording medium in which a program is recorded in 

accurate dot volume data, which is preferable. a computer readable manner, said program actualizing a 

For a proportionally increased color conversion table method that converts image data expressed by sets of 

generated by an image processing apparatus in this way, it various tone values which express a color image into dot 

is also possible to use the proportionally increased color 65 volume data related to dot formation density of various type 

conversion table which has at least different part of the sets dots which express different tone values per respective 

of various tone values of the first color coordination system single dots, said program causing a computer to attain: 
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(A) a function of receiving first image data expressed by 
sets of various tone values of a first color coordinate system 
and converting the first image data into second image data 
expressed by sets of the tone values of each color which 
comprises a second color coordinate system; and 5 

(B) a function of converting said second image data into 
said dot volume data of said various type dots with respect 
to each color of said second color coordinate system, 

wherein said function (A) converts said first image data 
into second image data which are increased proportionally 10 
with the tone value relationship between said second image 
data kept in the same sequence, when said second image 
data is at least in a preset tone range where the smallest dots, 
which express the smallest tone value per respective single 
dots among the various type dots, are generated, and 15 

said function (B) converts said second image data of 
which said tone value is increased proportionally into said 
dot volume data corrected in order to eliminate said propor- 
tional increase. 

If the various functions described above are realized using 20 
a computer by reading a program recorded on the concerned 
recording medium into mat computer, then it is possible to 
draw out the potential performance of an image display 
device that can form small dots or light dots and to print 
images of high image quality. 25 

Furthermore, the present invention can also understand a 
program that realizes the various image processing methods 
described above as a program described by text information. 
Specifically, the program that corresponds to the image 
processing method described above is: 30 

a program for actualizing a method that converts image 
data expressed by sets of various tone values which express 
a color image into dot volume data related to dot formation 
density of various type dots which express different tone 
values per respective single dots, said program causing a 35 
computer to attain: 

(A) a function of receiving first image data expressed by 
sets of various tone values of a first color coordinate system 
and converting the first image data into second image data 
expressed by sets of the tone values of each color which 40 
comprises a second color coordinate system; and 

(B) a function of converting said second image data into 
said dot volume data of said various type dots with respect 
to each color of said second color coordinate system. 

wherein said function (A) converts said first image data 45 
into second image data which are increased proportionally 
with the tone value relationship between said second image 
data kept in the same sequence, when said second image 
data is at least in a preset tone range where the smallest dots, 
which express the smallest tone value per respective single 50 
dots among the various type dots, are gerenated and 

said function (B) converts said second image data of 
which said tone value is increased proportionally into said 
dot volume data corrected in order to eliminate said propor- 
tional increase. 55 

If the concerned program is executed on a computer, it 
becomes possible to draw out the potential performance of 
an image display device that can form small dots or light 
dots, so that images of high image quality can be printed. 

60 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic structural diagram of the printing 
system of a first embodiment. 

FIG. 2 is an explanatory diagram that shows the structure 65 
of a computer as the image processing apparatus of the first 
embodiment. 
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FIG. 3 is a schematic structural diagram of a printer as the 
image display device of the first embodiment. 

FIG. 4 is an explanatory diagram that shows the principle 
of the printer of the first embodiment forming dots of 
different sizes. 

FIG. 5 is a flow chart that shows the flow of the image 
data conversion process that is performed by the image 
processing apparatus of the first embodiment. 

FIG. 6 is an explanatory diagram that conceptually shows 
the principle of performing color conversion while refer- 
encing a color conversion table. 

FIG. 7 is an explanatory diagram that shows the principle 
of converting image data to dot volume data while refer- 
encing a corrected dot volume table. 

FIG. 8 is an explanatory diagram that shows an example 
of an encoding coefficient used in the first embodiment. 

FIG. 9 is an explanatory diagram that shows the situation 
of the tone values of image data being proportionally 
increased by making use of the encoding coefficient. 

FIG. 10 is a flow chart that shows the flow of the process 
of setting a proportionally increased color conversion table. 

'FIG, lfis an explanatory diagram that shows the principle) 
of increasing the resolution of image data after color con- 
version by referencing a proportionally increased color 
conversion table. 

FIG. 12 is an explanatory diagram that shows the prin- 
ciple of setting a corrected dot volume table by correcting a 
dot volume table. 

FIG. 13 is a flow chart that shows the flow of the process 
of setting a corrected dot volume table. 

FIG. 14 is an explanatory diagram that shows the situation 
of directly setting image data for which the tone values have 
been proportionally increased for a variation example of the 
first embodiment. 

FIG. 15 is a flow chart that shows the flow of the image 
data conversion process performed by the image processing 
apparatus of a second embodiment. 

FIG. 16 is an explanatory diagram that shows the prin- 
ciple of the pre-conversion process performed by the image 
data conversion process of the second embodiment. 

FIG. 17 is an explanatory diagram that conceptually 
shows the situation of converting RGB image data to grid 
point image data in the pre-conversion process. 

FIG. 18 is a flow chart that shows the flow of pre- 
conversion processing. 

FIG. 19 is an explanatory diagram that shows the situation 
of generating a color conversion table for pre-conversion 
from a standard color conversion table in the process of 
generating a color conversion table for pre-conversion. 

FIG. 20 is an explanatory diagram that shows the reason 
why there are cases when the quantization errors due to 
insufficient resolution do not decrease even when pre- 
conversion is performed while referencing a color conver- 
sion table generated for pre-conversion. 

FIG. 21 is a flow chart that shows the flow of the process 
of generating a color conversion table for pre-conversion. 

FIG. 22 is an explanatory diagram that explains the 
phenomenon of the image data resolution decreasing accord- 
ing to color conversion processing. 

BEST MODES OF CARRYING OUT THE 
INVENTION 

To explain the effects and merits of the present invention 
more clearly, practical embodiments of the present invention 
are explained hereafter in the sequence shown below. 
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A. Mode of Carrying Out Invention 

B. First Embodiment 
B-l . Device Structure 

B-2. Image Data Conversion Processing for the First 
Embodiment 

B-3. Setting Method for the Proportionally Increased 

Color Conversion Table 

B-4. Setting Method for the Corrected Dot Volume 

Table 

B-5. Variation of the First Embodiment 

C. Second Embodiment 

C-l. Image Data Conversion Processing for the Second 

Embodiment 

C-2. Pre-Conversion Processing 

C-3. Variation of the Second Embodiment 

A. Mode of Carrying Out Invention: 

One mode of carrying out the present invention is dis- 
cussed below with reference to FIG. 1. FIG. 1 is an explana- 
tory diagram for conceptually explaining the summary of the 
present invention using a printing system as an example. 
This printing system is composed of computer 10 as an 
image processing apparatus and color printer 20, etc. When 
computer 10 receives tone image data of an RGB color 
image from an image apparatus such as a digital camera or 
color scanner, the image data is converted to printing data 
expressed by whether or not various color dots are formed 
which can be printed by color printer 20. The conversion of 
the concerned image data is performed using a dedicated 
program called printer driver: 12. Moreover, the tone image 
data of the RGB color image can also be created by 
computer 10 using various types of application programs. 

Printer driver 12 is composed of multiple modules includ- 
ing a resolution conversion module, a tone data conversion 
module, a tone number conversion module, and an interlace 
module. The tone data conversion module receives RGB 
image data and converts it to dot volume data equivalent to 
the dot density for the various dots that can be formed by 
color printer 20. As shown conceptually in FIG. 1, the tone 
data conversion module is composed of two modules, a 
color conversion module 14 and a dot volume data conver- 
sion module 16. 

Color conversion module 14 converts to image data of 
each color of cyan (C), magenta (M), and yellow (Y) which 
are the colors of dots that can be formed by color printer 20, 
by performing color conversion on image data expressed by 
the colors RGB. The concerned color conversion can be 
performed quickly by referencing a three dimensional 
numerical table called color conversion table 15. In other 
words, in color conversion table 15, tone values of each 
color C, M, and Y that correspond to combinations of the 
tone values of each color RGB are set, and it is possible to 
convert image data of each color RGB to image data of each 
color C, M, and Y by referencing this kind of color conver- 
sion table. In FIG. 1, the graph that displays RGB input on 
the horizontal axis and C, M, and Y color output on the 
vertical axis conceptually expresses the function of color 
conversion table 15 which is set to be able to obtain the tone 
values of the colors C, M, and Y by determining the 
combinations of the tone values of the colors RGB. More- 
over, to avoid the explanation becoming complicated here, 
we used an example for which the tone values of each color 
C, M, and Y are set in the color conversion table, but it is 
also possible to set the tone values of black (K) in addition 
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to the colors C, M, and Y. We will give a more detailed 
explanation of the color conversion module later. 

Dot volume data conversion module 16 is a module that 
receives C, M, and Y color image data from color conversion 

5 module 14 and converts it to data that is equivalent to the 
density at which dots should be formed for each type of dot 
mat can be formed by color printer 20. Color printer 20 is 
able to form small dots in addition to the normal large dots 
to be able to print images of high image quality for which the 

10 dots do not show clearly. Here, these respective dots will be 
referred to as large dots and small dots. When dot volume 
data conversion module 16 receives the C, M, and Y color 
image data, it converts this to dot volume data for small dots 
and large dots for each color according to the tone values of 

15 the image data. This type of conversion can be performed 
quickly by referencing the one dimensional numerical table 
called dot volume table 17. In other words, a dot volume 
equivalent to the dot density of small dots and large dots 
corresponding to the tone values of the image data is set for 

20 each color C, M, and Y in dot volume table 17, and by 
referencing this kind of table, it is possible to convert image 
data to dot volume data of small dots and large dots for each 
color. In FIG. 1, the graph that shows C, M, and Y input on 
the horizontal axis and dot volume output on the vertical axis 

25 conceptually expresses the function of this kind of dot 
volume table 17. Moreover, to avoid the explanation becom- 
ing complicated here, we made it possible for color printer 
20 to form two types of dots, small dots and large dots, but 
it is of course also possible to form more types of dots. We 

30 will give a more detailed explanation of the dot volume data 
conversion module later. 

By working as described above, image data converted to 
dot volume data by a tone data conversion module undergo 
further specified conversions by the tone number conversion 

35 module and the interlace module to be converted to printing 
data. Each of these modules will be described later. Color 
printer 20 prints color images by forming ink dots of each 
color on a printing medium based on printing data obtained 
in this way. 

40 Color printer 20 can form small dots in addition to large 
dots, so for that part, it is possible to express fine level tone 
changes. However, with the resolution of the image data of 
each color CMY obtained b y color conv erting RGB image 
data left as is, (5555^ to 

45 sufficiently exhibit the performance of a printer that can 
express fine level tone changes by forming small) dots. In 
other words, to avoid the image data from becoming larger 
than necessary, the resolution of the image data of each color 
CMY obtained with the color conversion module is set. to a 

50 sufficient resolution with normal size dots (large dots for this 
(explanation) as a standard. In triis type of situation, even if 
the resolution that can be expressed by forming smalt dots 
is greatly increased, it is not possible to express fine level 
tone changes greater than the resolution of the CNiY color 

55 limagedata; 

In comparison to this, the color conversion table 15 that 
color conversion module 14 references for this embodiment 
has the tone values of the colors CMY set to slightly larger 
values in the highlight area that are the tone values for which 

60 the RGB image data is large. With color conversion table 15 
of FIG. 1, the CNIY tone values set to larger values in 
relation to the RGB image data are shown conceptually by 
a solid line. Small dots are mainly formed in the highlight 
area, so this is an area where insufficient resolution of the 

65 image data shows up easily. In light of this, in this type of 
area, instead of increasing the resolution, the insufficient 
resolution is supplemented by converting to larger image 
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data. Next, when converting the image data of each color C, 
M, and Y to dot volume data for small dots and large dots, 
taking into consideration that the image data will be con- 
verted to larger values, the data is converted to smaller dot 
volume data to correct this. With the dot volume table 17 
shown in FIG. 1, the dot volume data set to smaller values 
in relation to the C, M, and Y color image data is shown 
conceptually by a solid line. For reference, dot volume data 
set to normal values is shown by a dotted line. 

In this way, in areas where mainly small dots are formed, 
the resolution insufficiency is supplemented by performing 
color conversion with the image data proportionally 
increased, and next, if the proportionally increased part of 
the image data is eliminated when converting to dot volume 
data, it is possible to make use of small dots and to express 
fine level tone changes. The concerned method can be 
realized easily simply by changing the setting values of the 
color conversion table and the dot volume table. Of course, 
there is not the problem of the image data becoming large as 
happens when increasing the resolution of the image data. 
Following, we will give a detailed explanation of the method 
of converting image data in this way based on embodiments. 

B. First Embodiment 

B-l. Device Structure 

FIG. 2 is an explanatory diagram that shows the structure 
of computer 100 as the image processing apparatus of the 
first embodiment. Computer 100 is a commonly known 
computer formed with CPU 102 at the center with items 
such as ROM 104 and RAM 106 connected to each other by 
bus 116. 

Connected to computer 100 are items such as disk con- 
troller DDC 109 for reading data of flexible disk 124 or 
compact disk 126, peripheral device interface P-I/F 108 for 
receiving data of peripheral devices, and video interface 
V-I/F 200 for driving CRT 114. Connected to P-I/F 108 are 
items such as color printer 200 and hard disk 118 to be 
described later. Also, if items such as digital camera 120 and 
color scanner 122 are connected to P-I/F 108, it is also 
possible to print images fetched by digital camera 120 and 
color scanner 122. Also, if network interface card NIC 110 
is installed, it is also possible to connect computer 100 to 
communication line 300 and to fetch data recorded in 
recording device 310 that is connected to the communication 
line. 

FIG. 3 is an explanatory diagram that shows the schematic 
structure of color printer 200 of the first embodiment. Color 
printer 200 is an inkjet printer that can form dots of four 
colors of ink including cyan, magenta, yellow, and black. Of 
course, in addition to these four colors of ink, it is also 
possible to use an inkjet printer that can form dots of ink of 
a total of six coiors including a cyan ink with low pigment 
concentration (light cyan) and magenta ink with a low dye 
concentration (light magenta). Moreover, hereafter, in some 
cases, cyan ink, magenta ink, yellow ink, black ink, light 
cyan ink, and light magenta ink are abbreviated as C ink, M 
ink, Y ink, K ink, LC ink, and LM ink. 

As shown in the illustration, color printer 200 is com- 
posed of a mechanism that drives ink head 241 that is placed 
in carriage 240 to spray ink and form dots, a mechanism that 
sends this carriage 240 back and forth in the axial direction 
of platen 236 using carriage motor 230, a mechanism that 
transports printing paper P using paper feed motor 235, and 
a control circuit 260 that controls dot formation, movement 
of carriage 240, and transport of printing paper. 

Installed in carriage 240 is an ink cartridge 242 that holds 
K ink and an ink cartridge 243 that holds various inks 
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including C ink, M ink, and Y ink. When ink cartridge 242 
and 243 are installed in carriage 240, each ink in the 
cartridges is supplied to ink spray heads 244 through 247 for 
each color provided at the bottom surface of printing head 

5 241 through an introduction pipe that is not shown in the 
figure. One set each of 48 nozzles Nz in nozzle rows 
arranged at a fixed .nozzle pitch k are provided in the ink 
spray heads 244 through 247 for each color. 
Control circuit 260 is formed from items such as CPU 

10 261, ROM 262, and RAM 263, and in addition to controlling 
main scans and sub scans of carriage 240 by controlling the 
operation of carriage motor 230 and paper feed motor 235, 
ink drops are sprayed at a suitable timing from each nozzle 
based on printing data supplied from computer 100. In this 

15 way, under the control of control circuit 260, color printer 
200 can print color images by forming dots of ink of each 
color at suitable positions on a printing medium. 

Moreover, it is possible to apply various methods for the 
method of spraying ink; drops from the ink spray heads of 

20 each color. Specifically, it is possible to use methods such as 
a methodof spraying ink using apiezo element, or a method 
of generating bubbles within an ink path using a heater 
placed in the ink path and then spraying ink drops. Also, 
instead of spraying ink, it is also possible to use a printer that 

25 uses a method such as forming ink drops on printing paper 
using a phenomenon such as heat transfer or a method that 
adheres various colored toner powder onto a printing 
medium using static electricity. 

By controlling the size of ink drops that are sprayed, color 

30 printer 200 can control the size of ink dots formed on the 
printing papery Following, we will explain a method of 
forming ink dots of different sizes using color printer 200, 
but as preparation for this, first, we will explain tie internal 
structure of the nozzles that spray the various colored inks. 

35 FIG. 4(a) is an explanatory diagram that shows the internal 
structure of the nozzles that spray various colored inks. A 
plurality of this kind of nozzle is provided in various color 
ink spray heads 244 through 247. As shown in the figure, 
provided on each nozzle is an ink path 255, an ink chamber 

40 256, and a piezo element PE on the ink chamber. When ink 
cartridges 242 and 243 are installed in carriage 240, the ink 
inside the cartridges is supplied to ink chamber 256, via ink 
gajlery 257. Piezo element PE is an element that performs 
electromechanical energy conversion at very high speeds by 

45 distortion of a crystal structure when voltage is applied as is 
widely known. With the first embodiment, by applying 
voltage of a specified waveform between electrodes pro- 
vided at both ends of piezo element PE, the side wall of ink 
chamber 256 is deformed. As a result, the capacity of ink 

50 chamber 256 decreases, and ink equivalent to tie decreased 
portion of the capacity is sprayed from nozzles Nz after 
becoming ink drop Ip. By the ink drops Ip soaking into 
printing paper P that is installed on platen 236, ink dots are 
formed on the printing paper. 

55 FIG. 4(Z>) is an explanatory diagram that shows the 
principle of (chan ging the ',','sizl oflfile Jink dro ps) that are 
sprayed by controlling the waveform of the voltage that is 
applied to piezo element PE. To spray ink drops Ip from a 
nozzle, a negative voltage is applied to piezo element PE, 

60 ink is once suctioned into ink chamber 256 from ink gallery 
257, after which a positive voltage; is applied to piezo 
element PE and the ink chamber capacity is decreased, so 
that ink drops Ip are sprayed. Here, if the suction speed of 
the ink is suitable, the inflow of ink is equivalent to the 

65 volume of change of the ink chamber capacity, but if the 
suction speed is too fast, then the inflow of ink from ink 
gallery 257 will not be sufficient because there is path 
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resistance between ink gallery 257 and ink chamber 256. As 
a result, the ink of ink path 255 backflows within the ink 
chamber, and the ink interface near the nozzle recedes 
significantly. In FIG. 4(b), the voltage waveform a shown by 
a solid line shows the waveform of ink suctioned at a 
suitable speed, and voltage waveform b shown by the dotted 
line shows an example of a waveform of suctioning at a 
higher speed than the suitable speed. 

In a state with sufficient ink supplied into ink chamber 
256, when positive voltage is applied to piezo element PE, 
a volume of ink drops Ip equivalent to the decrease in the 
capacity of ink chamber 256 is sprayed from nozzle Nz. In 
contrast to this, when a positive voltage is applied in a state 
when the ink supply volume is insufficient and the ink 
interface has greatly receded, the sprayed ink drops will be 
small ink drops. In this way, with color printer 200 of the 
first embodiment, by controlling the waveform of the nega- 
tive voltage applied before spraying the ink drops and 
changing the ink suction speed, it is possible to control the 
size of the sprayed ink drops and to form two types of ink 
dots, large dots and small dots. 

Of course, it is also possible to form many types of dots, 
without being limited to two types. Furthermore, it is also 
possible to control the size of the ink dots formed on the 
printing paper using a method of controlling the number of 
ink drops mat are sprayed. 

With a color printer 200 that has a hardware structure like 
that described above, by driving carriage motor 230, each 
color ink spray heads 244 through 247 are moved in the 
main scan direction in relation to printing paper P, and by 
driving paper feed motor 235, printing paper P is moved in 
the sub scan direction. Control circuit 260, while repeating 
main scans and sub scans of carriage 240 according to the 
printing data, drives the nozzles at a suitable timing and 
sprays ink drops, and this is how color printer 200 prints a 
color image on printing paper. 

B-2. Image Data Conversion Processing for the First 
Embodiment 

FIG.. 5* is a flow chart that shows the flow of the process 
of computer 100 as the image processing apparatus of the 
first embodiment converting received image data to printing 
data by adding specified image processing to it. Hie con- 
cerned process starts by the operating system of computer 
100 activating printer driver 12. Following, we will give a 
brief explanation about the image data conversion process of 
the first embodiment according to FIG. 5. 

When the image data conversion process starts, first, 
printer driver 12 starts reading the RGB color image data to 
be converted (step SI 00). Next, the resolution of the fetched 
image data is converted to the resolution for color printer 
200 to print at (step SI 02). When the resolution of the color 
image data is lower than the printing resolution, new data is 
generated between adjacent image data by performing linear 
interpolation, and conversely when it is higher than the 
printing resolution, the resolution of the image data is 
converted to the printing resolution by culling data at a fixed 
ratio. 

When the resolution is converted in this manner, color 
conversion processing is performed on the color image data 
(step S104). Color conversion processing means the process 
of converting the color image data expressed by combina- 
tions of R, G, and B tone values to image data expressed by 
combinations of tone values of each color used by color 
printer 200 such as C, M, Y, and K. The color conversion 
process can be performed quickly be referencing the three 
dimensional numerical chart called a color conversion table. 
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As shown conceptually in FIG. 6, the color conversion table 
can be thought of as a three dimensional numerical chart on 
which is recorded the tone values of each color such as C, 
M, Y, and K at each grid point shown by combinations of the 

5 tone values of the colors RGB. In this way, the space taken 
by the three axes for which the tone values of each color are 
orthogonal to each other is called the color space. Also, 
when each tone value of each color uses a range from 
minimum value to maximum value, the solid formed within 

10 the color space is called the color solid. Moreover, the tone 
values of each color set at each grid point of the color 
conversion table are not limited to being tone values of the 
colors C, M, Y, and K, but can also be set to tone values of 
three colors such as C, M, and Y, and the tone values of each 

15 color C, M, Y, and K can be obtained by performing a 
process called ground color removal on the tone value data 
of the colors C, M, and Y obtained by color conversion. 
Alternatively, in addition to C, M, Y, and K color dots, with 
a color printer that can also form LC and LM dots, it is also 

20 possible to set the tone values for these six colors. 

With color conversion processing, by performing an inter- 
polation operation when necessary while referencing this 
type of color conversion table, image data expressed by 
RGB tone values is color converted to image data expressed 

25 by the tone values of each color C, M, Y, and K. Explaining 
briefly while referring to FIG. 6, for example when the tone 
values of each color RGB are RA, GA, and BA, considering 
point A of the coordinate values (RA, GA, BA) in the RGB 
color space, a small 'cube dV that would contain point A is 

30 found. Next, the tone values of each color C, M, Y, and K 
set at the grid points that are the vertices of cube dV are read, 
and by doing an interpolation operation from these tone 
values, the tone value of point A is calculated. 

35 In the image processing of the first embodiment, the 
image data of each color C, M, Y, and K is expressecias 8-bit 
data, and the resolution is insufficient for expressing fine 
level tone changes such as those that can be expressed using 
small dots. In light of this, with the color conversion 

40 processing of the first embodiment, the insufficient resolu- 
tion is supplemented by referencing a color conversion table 
for which the tone values of each color are set to larger 
values. We will describe the method of setting this kind of 
color conversion table later. 

45 When this color conversion processing ends, dot volume 
data conversion processing starts (step S106 in FIG. 5). The 
dot volume data conversion process is a process oflonyert- 
ing image data . to jto volu shows the dot density 

for each type of dot that can be formed by a printer on 

50 printing paper. With color printer 200 of the first embodi- 
ment, in correspondence to the fact that it is possible to form 
two types of dots, small dots and large dots, with the dot 
volume data conversion process of step SI 06, the image data 
of each color obtained by color conversion processing is 

55 converted to dot volume data that shows the dot density for 
each dot, the small dots and large dots. The concerned 
conversion is performed by referencing a dot volume table 
like that shown in FIG. 7. 
As shown in FIG. 7j data relating to dot density for small 

60 dots and large dots is ^Jorti^ora v^ 11 !? 8 f? r eacr £_ c °l° r 
C, M, Y, and K. What we refer to as dot density here is the 
density of dots formed in the pixels within a certain area. For 
example, a dot volume data value of 0 shows a state when 
absolutely no dots are formed. A dot volume data value) of 

65 128 ishows a state when dots are formed in about half the 
[pixels, and a dot volume data value of 255 shows a • state 
Jwhen dots are formed in all pixels. 
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The dot volume table is set as follows for the tone values 
of each color. Explaining an example when the C color 
image data is converted, when the input tone value is 0, 0 is 
set for the dot volume data values of both small dots and 
large dots. In a state with a dot volume data of 0, absolutely 5 
no dots are formed, so the ground cplpr of the paper shows 
up as is on the printing paper. When the input tone value is 
increased, the small dot density gradually increases, and 
along with this, for the hue expressed on the printing paper 
as well, the cyan color gradually changes from the ground 10 
color of the paper. When the input tone value exceeds) a 
specified value, the dot density of the small dots turns to a 
decrease, and large dots start to be formed in place of the 
small dots. In this way, if small dots are replaced by large 
dots, the hue expressed on the printing paper gradually 15 
becomes a darker cyan color. When the input tone value 
reaches a specified value, all the small dots are replaced by 
large dots, and as the input tone value increases thereafter, 
the dot density of large dots also increases, and in due time 
the dot volume data value reaches 255, achieving a state 20 
where large dots are formed for all pixels. In this way, the 
dot volume table is set so that the color expressed on the 
printing paper gradually changes to a darker cyan color as 
the input tone value increase's. Moreover, as described 
previously, with the color conversion processing of the first 25 
embodiment, to supplement the insufficient resolution of the 
image data, the tone values of each color C, M, Y, and K are 
converted to larger values. To supplement this, in the dot 
volume table of the first embodiment, smaller values are set 
as dot volume data of small dots and large dots for the input 30 
tone values. We will describe the method of setting this kind 
of dot volume table later. 

By setting as described above, when the color conversion 
process and dot volume data conversion process ends, next 
the tone number conversion process starts (step SI 08 in FIG. 35 
5). The tone number conversion process is the process 
described hereafter. RGB image data is converted to dot 
volume data that shows the dot density to be formed on 
printing paper for large dots and small dots of each color C, 
M, Y, and K through color conversion processing and dot 40 
volume data conversion processing. These dot volume data} 
are expressed as data having 256 tones ranging form tone 
value 0 to 255. In comparison to this, color printer 200 of the 
first embodiment is able to form two types of dots, both large 
and small, for each color,(but if wejxKuj*on of each 45 

dot the only state that can be used is either "dots are formed" 
or "dots are not formed." In light of this, dot volume data 
that has 256 tones for each type of dot must be converted to 
image data expressed by two tones that can be expressed by 
color printer 200. The process that performs this kind of tone 50 
number conversion is the tone number conversion process. 
The most commonly used method for the method of per- 
forming the tone number conversion process is the error 
{diJ^ion i mejfiqd,;but other known methods such as system- 
atic design methods can of course also be used. 55 

When the tone number conversion process ends in this 
way, the printer driver starts the interlace process (step 
S110). The interlace process is a process of realigning the 
image data expressed in a format based on the dot on-ofif 
state in the sequence in which it is to be sent to color printer 60 
200 while considering the dot formation sequence. The 
printer driver outputs the image data ultimately obtained by 
performing interlace processing to color printer 200 as 
printing data (step S112). Color printer 200 forms each color 
ink dots on the printing paper according to the printing data. 65 
As a result, a color image corresponding to the image data 
is printed on the printing paper. 
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As described above, with the image processing apparatus 
of the first embodiment, color conversion is performed while 
referencing a color conversion table which is set so as to 
supplement the insufficient resolution of the image data of 
each color C, M, Y, and K. The image data of each color C, 
M, Y, and K obtained in this way is converted to larger tone 
values in the highlight area in order to supplement the 
insufficient resolution. Here, for the dot volume data con- 
version process that is performed next, the image data of 
each color C, M, Y, and K is converted to dot volume data 
of large dots and small dots for each color while referencing 
a dot volume table set so as to supplement this. If this is 
done, then it is possible to obtain suitable dot volume data 
with the image data of each color C, M, Y, and K left as is 
as 8-bit data and without reducing the resolution when doing 
color conversion. As a result, with color printer 200, by 
making use of small dots, it is possible to print images of 
high image quality corresponding to fine level tone changes 
of RGB image data. 

Also, with the concerned method, with the color conver- 
sion process or the dot volume data conversion process, 
though special values are set in the color conversion table or 
dot volume table referenced for these processes, there is 
nothing special about the conversion process procedures 
themselves. In other words, by simply changing the color 
conversion table and dot volume table to the tables of the 
first embodiments, it is possible to print images of high 
image quality that express fine level tone changes by making 
use of small dots. In light of this, following we will explain 
the method of setting this proportionally increased color 
conversion table and corrected dot volume conversion 
tables. 

B^THSen^ ^ (Color 
Conversion Table 

The proportionally increased color conversion table can 
be set easily by changing the image data of the colors 
CMYK set at the grid points of the color conversion table. 
Following, we will explain the method of setting a propor- 
tionally increased conversion table by using an encoding 
(co^ fficient£KS ^¥'tne image datTset in the color conversion 
table. 

FIG. 8 is an explanatory diagram that shows an example 
of an encoding coefficient. Encoding coefficient Ke is set for 
the tone values of the image data, and by multiplying the 
image data of each color CMYK by the encoding coefficient 
Ke, image data for which the tone values have been pro- 
portionally increased is calculated. FIG. 9 shows the situa- 
tion of the image data being multiplied by the encoding 
coefficient Ke to calculate the image data for which the tone 
values have been proportionally increased. Encoding coef- 
ficient Ke can be^ set freely in a ; range that satisfies the 
following two conditions so that the image data is suitably 
proportionally increased. Next, the maximum value of the 
proportionally increased image data is set so as not to exceed 
the maximum value of the image data. The encoding coef- 
ficient Ke shown in FIG. 8 is calculated using the formula: 

A:e=4/((data/255)+l) < *2 (1) 

Here, "data" shows the image data tone value (1 byte data). 
Also, shows the exponential operator. The encoding coeffi- 
cient Ke obtained from the above equation is set so that in 
areas that have small values for image data (specifically, the 
highlighted areas), image data is proportionally increased by 
about 4 times, and as the image data gets larger, the 
proportional increase volume decreases. By working in this 
way, when color conversion is done, in the highlight areas, 
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it is possible to supplement insufficient resolution of the The space at the right side of FIG. 11 where C_data is 

image data. When the tone value of the image data is 255, displayed shows the C color tone value set in the grid points 

the value of the encoding coefficient Ke is 1, so the value of of a normal color conversion table, in other words, a color 

the proportionally increased image data is 255. Using this conversion table for which an encoding coefficient is not 

kind of encoding coefficient Ke, it is possible to set the 5 use d. Meanwhile, the space one to the left side where 

proportionally increased color conversion table from a color E_C_data is displayed shows the C color tone value set for 

conversion table. me grid 0 f a proportionally increased color conver- 

FIG. 10 is a flow chart that shows the flow of the process s j on table for which an encoding coefficient is used. The 

of setting a proportionally increased color conversion table. encoding coefficient was calculated using the formula (1) 

Tone values for each color are set in the color conversion io note( j a b ove 

table as described previously and the following process is k , „ , , . 

also performed for each color, but to avoid the explanation * described previously, the RGB image data between 

becoming complicated, we will explain hereafter without 8" d P omts of , the «> lor conversion table is color converted 

specifying colors to me tone v ?' ues °* *" e colors CMYK by interpolating the 

When the process of setting the proportionally increased « ^ values set at the grid points. The C color tone values 

conversion table starts, first, the image data set at the grid °'? amed bv color conver * m g RGB image data between 

points of the corrected color conversion table are read (step gnd points usmg a proportionally increased color conversion 

S200). As described previously, image data is recorded as 1 *"? 18 f ° wn m ,he . EC.data space. Interpolation is 

byte data, and the values used are integers from 0 to 255. Performed using linear interpolation, but ,t is also possible 

Next, the encoding coeflScient Ke corresponding to the read 20 10 «se another lmown meApd^ clear if we compare the 

image data is calculated (step S202). Here, encoding coef- data shown in the |_g_data*^and the (R G, B) space 

ficient Ke is calculated based on formula (1) above. Of * sph ^ a * *^i^ ge ' f *" RG ?. unag „t d ? ta J^ an 8" 

course, it is also possible to calculale using another formula,; * om ( 255 > 255 > 255 ) mat shows as wiut f J° ( 24 J>> 255 > 255 ) 

or to obtain encoding coefficient" Ke by referencing^ sl ? ows , as cvan color > *e value of E_Q_data changes 

numerical table in which suitable encoding coefficients Ke " smoothly. In comparison to this, there is an area^data 

are correlated with image data in advance and recorded. value snown f °5 ref ^ c n e J? r . wh,ch value doe l n 1 

XT . , u . , . , . ..... it.. change even when the RGB image data changes. For 

Next, by multiplying the read image data by the calculated ^ when ^ RGB . ^ between * 

encoding coefficient Ke, image data for which the tone 25 £ (2 25 255) ^ * ^ ^ J Q 

values have been proportionally increased is calculated (step u > T ' u A C a- *e • ♦ • 

c<>nA\ t- j- «= • * J 1 i. .1. 30 changing. In other words, when an encodmg coefficient is 

S204> Encoding coefficient Ke uses real numbers, so the used * h * c mtot tone value (E c ^ cb J al wjth 

proportionally increased image data is also obtained as a real ^ , evd chgn . RGQ ^ - ^ ^ ^ ^ 

number. After ^converting image data obtained in this way to ^ . ^ tf * R(JB has ^ 

an integer in the range of 0 to 255 the data set at the grid cfaa d ^ area u ed for ^ ^ 

points oi the color conversion table is updated using the , , Jn y. n , ° , 

, . . p^kvl • ■* - ..A 35 tone value (C_data) does not change, 

obtamed mteger (step S206). The conversion to an mtegerhs v ' ° 

performedby discarding values less than a decimal pointjfbr ^ reaS011 that this of difference ^ b Y usin 8 311 

example encoding coefficient is as follows. In the space that shows 

n , . * « v v r r C data in FIG. 11, an interpolated value obtained by 

By working as descnbed above, when processing of one .... ........... > r / 

•j • . J? . , . . J ~ A mterpolating the tone value set in a normal color conversion 

gnd point ends, a judgment is made of whether the process- „ A + U1 . u u i u u v u r <• 

• / 11 • a • ■ * u j j / ; o-»no\ ^ j u *u 40 ^Dle is shown by a real number. C data shown for reference 

mg for all gnd pomts has ended (step S2 08), and when there A At _ . , ^ r „ , . . . 

are still grid points that have not been processed, the system Slde " , v 3 value for ^ the 

returns to step S200, and this series of processes is repeated plated value obtained ,n this way ,s rounded to an 

+M . - . . . w j t *u- mteger. From this fact, when color conversion is done using 

until processing of all gnd points is completed. In this way, ° . , ' . 4 , , ... . ^ . e 

t«u^« ^^^oc;Jf„ ^^n^^^^^f. ; i 4 . a nonnal color conversion table, we believe that the reason 

when processing oi all gnd pomts is completed, the process . A . , , ^ . . . Al ^ . 

J. > , ° ~V r „ . T , • . 45 that an area is generated for which no change m the C color 

of setting of the proportionally increased color conversion . & , - . e , A . , 
table is com leted " e v ^ ue . °9 curs even when the RGB image data is changed 

p is because of ^rounding the interpolated value to an integer. 

If RGB image data is color converted by referencing a An encoding coefficient obtained by using formula (1 ) on the 

proportionally mcreased color conversion table obtained in r _ C _data is shown in the space that shows Ke in FIG. 11. For 

this way, it is possible to supplement the insufficient reso- 50 confirmation, r_G_data is multiplied by the corresponding 

lution of the CMYK image data in the highlighted areas. We encoding coefficient Ke, and when the obtained real value is 

will explain this while referring to FIG. 11. rounded to an integer, this is matched with the value 

FIG. 11 is an explanatory diagram that conceptually obtained by interr^ojating the E_C__data. From this; fact, 

shows the situation of color converting RGB image data for when^ralor^cl^ a proportionally 

which white has been changed to cyan color. The space at 55 increased color conversion table, the interpolated value will 

the left that shows (R, G, B) shows the input values of the be one that has been multiplied by the encoding coefficient, 

RGB image data. As explained using FIG. 22, the RGB so even when rounded to an integer, it is possible to reflect 

image data (255, 255, 255) appears as white color, and the slight changes in the RGB image data in the image data after 

RGB image data (245, 255, 255) appears as cyan color. Also color conversion, 

what is displayed enclosed by a dotted line in FIG. 11 is 60 

image data where the grid points of the color conversion B * 4 - Setting Method for the Conected Dot Volume Table 

table are. The tone values of each color CMYK are set at the The image data of each color CMYK that was color 

grid points of the color conversion table. As described converted using a proportionally increased color conversion 

previously with FIG. 22, when color converting RGB image table is data for which image data obtained by a normal color 

data for which white has been changed to cyan, it is 65 conversion table is multiplied by an encoding coefficient Ke. 

sufficient to focus on the change in the C color tone value, In light of this, as described previously, when converting the 

so only the C color tone value is displayed in FIG. 11 as well. image data of each color CMYK to dot volume data, this is 
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supplemented by replacing with a dot volume table and 
referencing a corrected dot volume table. 

The corrected dot volume table can be set easily by 
changing the data of the dot volume table. Following, we 
will explain the principle of changing the dot volume table 5 
to set the corrected dot volume table while referring to FIGS. 
7 and 9. 

As described previously, dot volume data that shows the 
dot density to be formed for each type of dot is set for the 
tone values of the CMYK image data. Color printer 200 of 10 
the first embodiment can form two types of dots, small dots 
and large dots, and corresponding to this, in the example 
shown in FIG. 7, the dot volume data of the small dots and 
the dot volume data of the large dots are set. By referring to 
FIG. 7, it is possible to obtain ds64 and 0 for the dot volume 15 
data of the small dots and the dot volume data of the large 
dots, respectively in relation to a tone value 64 of the image 
data, for example. It is also possible to obtain dsl28 and 
dL128 for the dot density of the small dots and the dot 
volume data of the large dots, respectively, in relation to the 20 
tone value 128 of the image data. 

Here, as described previously, the CMYK image data that 
was color converted by referencing a proportionally, 
increased color conversion table is image data for which the 
encoding coefficient Ke was multiplied in relation to the 25 
CMYK image data obtained by using a normal color con- 
version table. We will explain this specifically while refer- 
ring to FIG. 9. If the tone value of the CMYK image data 
obtained using a normal color conversion table is 64, then 
when a proportionally incased color conversion jtaWeJ 30 
referenced, color conversion is done to image data of tone 
value D64. Similarly, when a tone value of 128 is obtained 
using a normal color conversion table, when a proportion- 
ally increased color conversion table is referenced, this is 
converted to image data with a tone value of D128. 35 
* As is clear from this fact, if dot volume data for tone value 
64 of a dot volume table is set in relation to tone value D64 
of a corrected dot volume table, it is possible to obtain 
suitable dot volume data from tone value D64. FIG. jTis an 
explanat op ^ of 40 

setting a corfectea dot volume table in this way. The thin 
dotted line shown in FIG. 12 is the dot volume data of small 
dots set in a normal dot volume table. This is deformed; as 
shown by the arrow, and dot volume data of small dots in 
relation to a proportionally increased tone value is obtained. 45 
In other words, the dot volume data ds64 of the; small dots 
in relation to tone value 64 is set as the dot volume data in 
relation to tone value D64 that was proportionally increased 
by multiplying by encoding coefficient Ke. The same kind of 
deformation can be performed for dot volume data of large 50 
dots as well. 

FIG. 13 is a flow chart that shows the flow of the process 
of setting a corrected dot volume table. A dot volume table 
is set for each color CMYK, and the following process is 
also performed for each color, but to avoid the explanation 55 
becoming complicated, we will explain without specifying; 
colors hereafter.] 

When the process of setting the corrected dot volume 
table starts, first, one process tone value for setting the dot 
volume data is selected (step S3 00). The process tone value 60 
is the tone value that will be the coordinate value for the 
horizontal axis in the corrected dot volume table, and with 
the first embodiment, the image data is expressed as 1 byte, 
so the process tone value is an integer in a range from 0 to 
255. Next, the tone value before making use of the encoding 65 
coefficient Ke is calculated (step S3 02). Specifically, the 
process tone value for setting in the corrected dot volume 
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table is a tone value multiplied by the encoding coefficient 
Ke, so this is calculating the tone value before multiplying 
by encoding coefficient Ke. As a method for calculating the 
concerned tone value, in a case where the encoding coeffi- 
cient is set using a numerical equation as with formula (1) 
noted above, it is possible to calculate using an analytical 
method, or as explained using FIG. 9, it is possible to read 
from a graph. The obtained tone value is rounded to an 
integer. 

Dot volume data set in a normal dot volume table is read 
to the tone value obtained in this way (step S304). For 
example, in the dot volume table shown in FIG. 7, dot 
volume data of small dots and large dots is set for the tone 
value on the horizontal axis, so these dot volume data are 
read. 

In this way, dot volume data read from a normal dot 
volume table is set in a corrected dot volume table as dot 
volume data for the process tone value (step S306). In other 
words, as explained using FIG. 12, the dot volume data for 
small dots and large dots is written. 

By working as described above, if dot volume data is set 
for one process tone value, a judgment is made whether dot 
volume data is set for all process tone values (step S308), ; 
and when there are tone values left which have still not been 
set, the system returns to step S300,iand this series of 
processes is repeated continuously until processing of all 
tone values is completed. In this way, when processing for 
all tone values is completed, the process of setting the 
corrected dot volume table ends. 

If RGB image data is color converted by referencing a 
iproportionally increased color conversion table set using the 
method described previously, and the (obtained CMYK 
image data is Converted to dot volume data by referencing a 
corrected dot volume table set using the method described 
above, then it is possible to obtain suitable dot volume data 
corresponding to the RGB image data. For the concerned 
method, the CMYK image data obtained by color converting 
the RGB image data is image data for which the tone values 
have been proportionally increased, in other words, image 
data on which an encoding coefficient has been used, so as 
described previously, it is possible to obtain dot volume data 
that reflects even slight tone value changes in the RGB 
image data. 

B-5 . (Variation of theFirst Embodiment) 

With the first embodiment described above, encoding 
coefficient Ke was set using a function that changes 
smoothly as shown in formula (1), and the image data for 
each color that was proportionally increased from the encod- 
ing coefficient Ke was calculated, but as shown in FIG. 14, 
it is also possible to directly set image data for which the 
tone value have been proportionally increased. For example, 
as shown in FIG. 14, it is acceptable to set using a continu- 
ous function (polygonal line function) Tor which the slope 
changes nori-contiriuouslyl As described previously, when 
setting encoding coefficient Ke, it is necessary to set so that 
the image data for which the tone values have been propor- 
tionally increased satisfies specific conditions, but if the 
image data for which the tone values have been proportion- 
ally increased is set directly, then it is easy to inverse 
calculate an encoding coefficient Ke that satisfies the con- 
ditions. Furthermore, even without inverse calculating the 
encoding coefficient Ke, it is possible to set the proportion- 
ally increased color conversion table from FIG. 14, and set 
corrected dot volume tables from FIGS. 14 and 7. 

Moreover, when using the concerned polygonal line func- 
tion, when interpolating data between grid points of the 
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proportionally increased color conversion table, from the 
perspective of suppressing errors contained in the interpo- 
lation results, it is preferable to not have a very big change 
in the slope of the straight line for the polygonal line part. 
It is also preferable to have a small value for the gap between 
grid points of the color conversion table. 

C. Second Embodiment 

In the image data conversion process of the first embodi- 
ment described above, color conversion was performed by 
referencing a proportionally increased color conversion 
table that was recorded in advance. In contrast to this, it is 
also possible to record in advance a color conversion table 
that will be the standard, and before doing color conversion, 
generating a proportionally increased color conversion table 
from the color conversion table that is the standard, after 
which color conversion is performed by referencing the 
generated proportionally increased color conversion table. 
Hereafter, we will explain the image data conversion process 
of a second embodiment. 

C-l. Image Data Conversion Processing for the Second 
Embodiment 

FIG. 15 is a flow chart that shows the flow of the image 
data conversion process of the second embodiment. The 
image data conversion process of the second embodiment 
shown in FIG. 15 greatly differs from the image data 
conversion process of the first embodiment described pre- 
viously using FIG. 5 in (that a pre-conversion process' is 
performed before the color conversion process. Following, 
we will explain the image data conversion process of the 
second embodiment while referring to FIG. 15 with a focus 
on the difference point from the image data conversion 
process of the first embodiment. 

As described previously with the first embodiment, for the 
image data conversion process of the second embodiment 
also, the process starts by the operating system of computer 
100 starting up the printer driver; 12. When the image data 
conversion process of the second embodiment starts, first, 
printer driver 12 reads the RGB color image data to be 
converted (step S400), and next, the resolution of the fetched 
image data is converted to a resolution for color printer 200 
to print (step S402).) 

When resolution is converted in this way, with the image 
data conversion process of the second embodiment, a pro- 
cess called pre-conversion processing is performed before 
doing color conversion (step S404). Pre-conversion process- 
ing is a process that is performed to execute color conversion 
processing at high speed with the printing image of the color 
image kept as is. Following, we will explain the principle of 
pre-conversion processing while referring to FIGS. 16 and 
17. 

FIG. 16 is an explanatory diagram that shows the typical 
situation of image data being converted for pre-conversion 
processing. The "pre-conversion mo and "color con- 
version module" shown in the figure conceptually show the 
functions executed respectively by the pre-conversion pro- 
cess and the color conversion process within computer 100. 
Of course, when pre-conversion processing or color conver- 
sion processing are performed by respective dedicated elec- 
tronic circuits, these dedicated electronic circuits correspond 
to the respective modules. The pre-conversion module 
fetches image data Ro, Go, and Bo of each color R, G, and 
B for which the resolution was converted, and after per- 
forming a specified conversion, outputs the obtained image 
|ofeta;Rcn, Gen, and Ben of each color R, G, and B to the 
color conversion module. 



FIG. 17 is an explanatory diagram that conceptually 
shows the contents of the conversion performed by the 
pre-conversion module. As described previously using FIG. 
6, when we consider the RGB color space that has the tone 

5 values of each color R, G, and B as its three axes, it is 
possible to express RGB image data as coordinate points 
within the RGB color space. Also, when the RGB color solid 
is subdivided into a grid form, the color conversion table can 
be thought of as a three dimensional numerical table on 

10 which is recorded the tone values of the colors CMYK that 
correspond to each grid point. Now, if RGB image data for 
which the resolution has been converted (Ro, Go, Bo) is 
given, then we can consider the corresponding coordinate 
points within the color space (Ro, Go, Bo) to be a small cube 

15 of the color conversion table that includes these coordinate 
points. The black circles shown in FIG. 17 show coordinate 
points that correspond to RGB image data, and white circles 
in the figure show eight grid points of the small cube. The 
pre-conversion module converts fetched RGB image data 

20 (Ro, Go, Bo) to image data corresponding to any of the 
vertices of the small cube, and outputs this to the color 
conversion module. Specifically, any of (Rl , Gl , B 1 ) to.(R8, 
G8, BHj are output to Jhe color corn crsion) module as 
converted image data (Ren, Gen, Ben). 

25 We will explain the reason that it is possible to accelerate 
the color conversion process ihat follows after performing 
this kind of pre-conversion process. As explained using FIG. 
6, with the color conversion process of the first embodiment, 
RGB image data was converted to CMYK image data as 

30 follows. First, when RGB image data was received, a cube 
that contained the coordinate points that correspond to the 
image data was detected from within the cube that formed 
the color conversion table, and CMYK image data recorded 
at each vertex was read. Next, by performing an interpola- 

35 tion operation from the read CMYK image data, the coor- 
dinate point CMYK image data was calculated. In contrast 
to this, with pre-conversion processing, the received RGB 
image data is converted to image data of any of the grid 
points that form the color conversion table. Therefore, with 

40 the color conversion processing that follows, all that is 
necessary is to read the CMYK image data recordedjn the 
corresponding grid points, and there is no need to read 1 
CMYK image data recorded at each vertex of the cube and 
to perform an interpolation operation on this. Because of 

45 this, by performing pre-conversion processing, it becomes 
possible to perform color conversion processing at a greatly 
accelerated^ level. 

Of course, with pre-conversion processing, the received 
RGB image data (Ro, Go, Bo) is converted to image data 

50 (Ren, Gen, Ben) that corresponds to the grid points of the 
color conversion table, so if we look at each pixel, there are 
quantization errors that accompany the conversion,^ and the 
color that is printed differs from the color that corresponds 
to the input RGB image data. However, if conversion is done 

55 to mutually eliminate the quantization errors that occur with 
each pixel, then within a fixed range, the RGB image data 
colors can be expressed accurately, so there is no actual 
degradation of image quality. 

In this way, it is possible to use a variety of methods as 

60 a conversion method that would mutually eliminate quanti- 
zation errors that occur with each pixel. For example, it is 
possible to randomly select any vertex from the eight 
vertices that surround the coordinate points of the image 
data and convert this to the image data of the selected 

65 vertices. If this is done, then there will be stochastic diffu- 
sion of the quantization errors generated with each conver- 
sion, so in a fixed range, it is possible to almost entirely 
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eliminate the quantization errors. Alternatively, using an dence function of the RGB image data and CMYK image 

error diffusion method, it is also possible to convert image data can be described accurately, the grid point count will 

data to grid point data using a structural dither method that not become too large. When color converting the RGB 

uses a diffusion type dither threshold matrix. These methods image data, data of grid points set in this way undergo an 

are known methods, so we will omit a detailed explanation 5 interpolation operation to calculate CMYK image data. 

°^,^l e ° 1 ^ er f' , „ , .... In contrast to this, when performing pre-conversion pro- 

With the image data process of the second embodiment, cessi me RGB image ^ js forcib] allocated tQ the 

it is possible to perform color conversion processing quickly RGB ; ^ of ^ d mts of ±e co]or conversion table> 

by performing pre-conversion . processing as described SQ quantization error that acc0 mpanies this occurs for each 

above. Moreover, we will describe this m more detail later, 10 pixd Qf coursC) if we look a{ a fixed ^ as 

but with the image data conversion process of the second abovCj thg quantization errors that occur with each pixel are 

embodiment a color conversion table for which the tone mutuall eliminated) ^ mere is no shift in color of the 

values have been proportionally increased is generated m the rin ted image. However, if the quantization error is too 

pre-conversion process from the demands of image quality, , ^ the ■ w | n haye a rough fee , to • so m terms 

and with the next color conversion process, color conversion 15 0 f image qualitVj it is pre f er able to keep the size of the 

is performed while referencing the concerned proportionally quant ization error within a certain range. On average, the 

increased color conversion table. size of the quantization error becomes smaller as the grid 

Printer driver 12 starts dot volume data conversion pro- point gap becomes narrower, in other words, as the number 

cessing when this kind of color conversion processing has of ^ points m the color conversion table becomes larger, 

ended (step S408 in FIG. 15). The contents of the dot 20 From tms fact, as a prerequisite for performing pre-conver- 

volume data conversion process are the same as the process sion processing, the grid points of a pre-conversion table set 

of the first embodiment described previously. Specifically, so as to mciude "the range for which quantization error is 

the CMYK image data for which the tone values have been allowed are higher in number than the grid points of a color 

proportionally increased that was obtained by color conver- conversion table which does not have pre-conversion pro- 

sion processing is converted to dot volume data of small dots 25 cessing as a prerequisite. 

and large dots for which the proportional increase has been .. ... 1 . , , . 

eliminaled. The concerned conversion is performed by ref- Mso ' Wlm an °P tlmall y set , color c °™£ f ° r 

erencing a dot volume table like that shown in FIG. 7. P^^jm^a,^^^^^,^^ 

,,„«.., , point positions normally do not match. FIG. 19(c) shows an 

Wentheto^ examp te c Fa color" conversion table for pre-conversion for 

numW conversion p^ interlace pro- 30 whichthe!grid -g^- ^b^cJtiii^Witlillie 

cess (s^A412)jxe performed, and the obtained image data of generating" a" c^iorconversion table for pre- 

is output to color J printer 200 as printing data (step S414). conversion (step S500 in FIG 18), it is also possible to 

Color printer 200 forms ink dots of each color on a printing. fc a col ~ conversion table for pre-conversion like that 

medium according to the printing data. As a result a color shown m nG J9(c) froffi ±Q cq1qt conversion table tnat is 

image that corresponds to the image data is printed on the 35 ^ reference standard shown fn FIG 19(fl) 

printing medium. _ . , , „ . 

In this way, with the process for generating a color 

C-2. Pre-Conversion Processing conversion table for pre-conversion (step S500 in FIG. 18), 
Following, we will give a more detailed explanation of the a process is performed whereby a color conversion table for 
pre-conversion process performed in the image data con- 40 P re "^ onv ersion is generated from ab normal color e^ 
version process of the second embodiment. FIG. 18 is a flow (table recpipded in printer driver) 12 (in other words, a color 
chart that shows the overall flow of the pre-conversion conversion table that is the reference standard). In specific 
process of the second embodiment. As shown in the flow terms, the grid point positions of the color conversion table 
chart, the pre-conversion process of the second embodiment for pre-conversion are set in advance in printer driver 12, 
is executed in two steps of a process of generating a color 45 and the CMYK image data for each grid point position is 
conversion table for pre-conyersion (step S50p) and a pro- calculated. The CMYK image data of each grid point 
cess of RGB data allpcation (step. J5502),)fne process of position is calculated by doing an interpolation operation on 
generating a color conversion table for pre-conversion is a CMYK image data at the grid point position while refer- 
process whereby a pre-conversjon color conversion table for encing the color conversion table that is the reference 
referencing during pre-conversion processing is generated^ 50 standard. The number of grid points in the color conversion 
from the stands conversipnjtable that is prerecorded table for pre-conversion is larger than in the color conver- 
in printer driver 12. FIG. 19 is an explanatory diagram that sion table that is the reference standard, (so a large memory 
conceptually shows the situation of generating a color capacity is 'required to store the table,, but if it is generated 
conversion table for pre-conversion from a color conversion from the standard color conversion table in this way, then it 
table that is the reference standard. FIG. 19(a) conceptually 55 becomes possible to save storage space, 
shows the color conversion table that is_the standard, and Moreover, though we will describe this in more detail 
FIG. 19(6) conceptually shows the color conversion table later, even when color conversion is performed using a color 
for pre-conversion. As shown in the figures, the color conversion table for pre-conversion, it is possible that quan- 
conversion table for pre-conversion has a higher number of tization errors of a size not included within the desired range 
grid points than the color conversion; table that is the 60 may occur due to insufficient resolution. In light of this, to 
reference standard. This is due to the following reasons. avoid the occurrence of this kind of problem, with the 
The color conversion table has a function that describes second embodiment, the process of generating a color con- 
that correspondence function of the RGB image data and the version table for pre-conversion to be described later is 
CMYK image data (or CMY image data) that expresses performed and a color conversion table for which the tone 
colors equivalent to this. Therefore, the grid points of the 65 values have been proportionally increased is generated, and 
color conversion table are set to suitable positions and a pre-conversion processing is performed while referencing 
suitable count so that, in the range for which the correspon- the generated color conversion table. 
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As shown in FIG. 18, when a color conversion table for 
pre-conversion is generated (step S500), the RGB image 
data for which the resolution has been converted to printing 
resolution during the resolution conversion process of FIG. 
15 is received, and RGB data allocation processing is 5 
performed (step S502). The RGB data allocation process is 
a process whereby, as described previously using FIGS. 16 
and 17, RGB image data Ro, Go, Bo) is received and 
allocated to RGB image data (Ren, Gen, Ben) of the grid 
points of the color conversion table for pre-conversion. 10 
Once all the RGB image data (Ro, Go, Bo) is allocated to 
data (Ren, Gen, Ben) of the color conversion table for 
pre-conversion grid points, the pre-conversion processing 
shown in FIG. 18 ends, and the system returns to the color 
conversion process of FIG. 15 (step S406). With color 15 
conversion processing, by referencing the color conversion 
table for pre-conversion, it is possible (to quickly convert 
RGB image data to CMYK image. data. 

As described previously, with the process of generating a 
color conversion table for pre-conversion of the second 20 
embodiment, to avoid occurrence of the problem of the size, 
of the quantization errors due to insufficient resolution not 
being within the desired range, which causes degradation of 
the printed image quality, a color conversion table for which 
the tone values have been proportionally increased is gen- 25 
erated. As preparation for explaining the process in detail, 
we will give a brief explanation of why this kind of problem 
occurs. 

FIG. 20 is an explanatory diagram that conceptually 
shows the situation of generating a color conversion table 30 
for pre-conversion from a color conversion table that is a 
reference standard. The white circles in FIG. 20 show the 
grid points of the standard color conversion table. The color 
conversion table for pre-conversion will be a table for which 
new grid points shown by X marks -have been newly added 35 
in between these grid points. FIG 20 shows an expansion 
near the vertices for which the tone values of each color R, 
G, and B are all 255. Image data for which all the tone values 
of each color R, G, and B are 255 appear as white, so at the 
vertices (255, 255, 255), (0, 0, 0, 0) is recorded as the 40 
CMYK image data. Also, at the grid points near here, as 
CMYK image data, (0, 0, 0, 0) or image data of small tone 
values near this value is recorded. 

When generating a color conversion table for pre-conver- 
sion, from the CMYK image data recorded at these grid 45 
points shown by white circles, CMYK image data of newly) 
generated grid points shown by X marks is calculated using 
an interpolation operation. For example, as shown in FIG. 
20, CMYK image data (0, 0, 0, 0) is recorded at vertex P0, 
and CMYK image data (1 , 0, 0, 0) is recorded at grid point 50 
PI. At this time, CMYK image data of grid point P2 that is 
newly generated between these grid points can be obtained 
as (0.5, 0, 0, 0) through an interpolation operation. However, 
with the color conversion table, CMYK image data is 
recorded as integer type data, so image data (0.5, 0, 0, 0) 55 
obtained by interpolation is recorded rounded to image data 
(0, 0, 6, 0). In the end, even when a new grid point P2 is 
generated to make the quantization error smaller, the RGB 
image data is allocated not to grid point PO but to grid point 
P2, and as a result of rounding the CMYK image data 60 
recorded at this grid point P2 to an integer, the resulting data 
is the same as the data of grid point PO, so the quantization 
error cannot be made smaller. In this way, when calculation 
CMYK image data of new grid points from a standard color 
conversion table using an interpolation operation, and when 65 
storing this color conversion table for pre-conversion use, 
when this is recorded with the data rounded due to insuffi- 
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cient resolution of the CMYK image data, there are cases 
when it is difficult to have the size of the quantization error 
fall within the desired range. 

Of course, it is possible to avoid the occurrence of this 
kind of problem by increasing the resolution of the image 
data recorded in the color conversion table using a method 
of handling the CMYK image data not as integer type data 
but rather as real number data or as decimal points. How- 
ever, by using this kind of method, the image data resolution 
is increased, so there is a significant increase in the storage 
space required to store the color conversion table, and this 
is not desirable. 

To avoid the occurrence of this kind of problem due to 
insufficient resolution of the image data recorded in the color 
conversion table, with the process of generating a color 
conversion table for pre-conversion for the second embodi- 
ment shown in FIG. 18 (step S502), the color conversion 
table for pre-conversion is generated in the following man- 
ner. 

FIG. 21 is a flow chart that shows the flow of the process 
of generating a color conversion table for pre-conversion. 
We will explain the process hereafter according to the flow 
chart. When starting the process of generating a color 
conversion table for pre-conversion, first, the coordinate 
values of the newly generated grid points are fetched (step 
S600). The coordinate values of the generated grid points are 
set in advance in printer driyer 12, and at step S600, only one 
coordinate value from among these grid points is fetched. 

Next, the CMYK image data to be recorded at the grid 
points of the fetched coordinate values is calculated (step 
Sj602). The CMYK image data can be calculated by refer- 
encing the color conversion table that is the standard refer- 
ence and then doing an interpolation operation on the 
CMYK image data that corresponds to the coordinate values 
of the grid points. The image data before being recorded in 
the color conversion table is handled as a real value, so 
errors due to rounding of data do not occur at this stage. 
Next, the encoding coefficient Ke that corresponds to the 
calculated image data is calculated (step S604). As with the 
first embodiment described previously, calculation of the 
encoding coefficient Ke can be done by calculating using 
formula (1). 

Next, by multiplying the calculated CMYK image data by 
the calculated encoding coefficient Ke, CMYK image data 
for which the tone values have been proportionally increased 
is calculated (step S606). CMYK image data obtained in this 
way is recorded correlated to the grid points obtained 
previously at step S600, in other words, the grid points 
generated newly as grid points of the color conversion table 
for pre-conversion (step S608). As with the standard color 
conversion table, the color conversion table for pre-conver- 
sion also has image data handled as integer typeidata, so 
CMYK image data which has been proportionally increased 
by being multiplied by the encoding coefficient Ke is con- 
verted to integer type data when recorded in correspondence 
to grid points. However, as with the first embodiment, the 
CMYK image data has been multiplied by the encoding 
coefficient Ke, so the resolution of the image data is saved 
without any great loss even when rounded to integer type 
data. 

By working as described above, when the processing of 
one grid point ends, a judgment is made of whether pro- 
cessing of all grid points recorded as grid points to be 
generated is made (step S610), and when there are still 
unprocessed grid points, the system returns to step S600 and 
repeats the series of processes continuously until the pro- 
cessing of all grid points has ended. In this way, when the 
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processing of all grid points has ended, the process of setting 
the proportionally increased color conversion table ends, 
and after returning to the pre-conversion process shown in 
FIG. 18, the system returns to the image data conversion 
process of FIG. 15 and starts the dot volume data conversion 
process (step S408). With the dot volume data conversion 
process, by referencing a corrected dot volume table like that 
shown in FIG. 12, it is possible to obtain dot volume data of 
various types of dots for which the proportional increase has 
been eliminated from the CMYK image data for which the 
tone values have been proportionally increased. 

As explained above, with the image data conversion 
process of the second embodiment, when generating a color 
conversion table that is referenced by the pre-conversion 
process from the standard color conversion table, a color 
conversion table is generated for which the tone values- of 
the image data recorded at each grid point are proportionally 
increased. By doing this, when recording image data with a 
correlation to grid points, it is possible to suppress the 
rounding error of data generated due to insufficient resolu- 20 
tion of the image data. By performing pre-conversion pro- 
cessing and .color conversion processing by referencing a 
color conversion table for color conversion generated in this 
way, it is possible to suppress the size of the quantization 
error to within the desired range, and to print images of good 25 
image quality. 

Also, the CMYK image data obtained after color conver- 
sion processing is image data for which the tone values have 
been proportionally increased, in other words, image data 
which has been multiplied by an encoding coefficient Ke, 30 
but when converting this data to dot volume data, by simply 
converting by referencing a corrected dot volume table that 
was set considering the encoding coefficient Ke instead of 
using a normal dot volume table, it is possible to obtain 
suitable dot volume data for which the proportional increase 35 
has been eliminated. In other words, with the image data 
conversion processing of the second embodiment, there are 
no ill effects such as an increase in processing time, and 
compared to the normal processing, it is possible to suppress 
quantization error using pre-conversion to greatly improve 40 
image quality. 

C-3. Variation of the Second Embocfiment 

With the second embodiment described above, we 
explained the color conversion table for pre-conversion as 45 
being equipped with more grid points than the color con- 
version table used as a reference standard. However, this is 
not necessarily limited to cases of increasing the number of 
grid points, and for example, the method of the second 
embodiment can also be suitably applied in cases of gener- 50 
ating a color conversion table by moving the position of the 
grid points from those of the standard color conversion table. 
The fact that the positions of the grid points for recording the 
correspondence function of the. RGB image data and the 
CMYK image data do not necessarily match the positions of 55 
the grid points for reducing the quantization error due to 
pre-conversion processing shows that this kind of issue can 
occur when generating a table from a standard color con- 
version table with the positions of the grid points shifted for 
pre-conversion use. 60 

When shifting the positions of the grid points from the 
positions of the grid points of the standard color conversion 
table in this way, the CMYK image data recorded at the new 
grid points is calculated by doing an interpolation operation 
by referencing the standard color conversion table. Because 65 
of this, errors can occur due to rounding of image data when 
recording image data obtained by interpolation with this 
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correlated to grid points. In light of this, image data obtained 
by interpolation is recorded after multiplying by an encoding 
coefficient to proportionally increase the tone values before 
recording on the grid points. By doing this, it is possible to 
generate a color conversion table with the resolution of the 
image data obtained by interpolation kept as is, so it is 
possible to effectively suppress the generation of quantiza- 
tion errors. 

Also, when generating an image conversion table, by 
making the conversion table one with the tone values 
proportionally increased by using an encoding coefficient or 
the like, the technology for avoiding the occurrence of the 
problems due to insufficient resolution of the data can be 
used in a variety of cases, not just when generating color 
conversion tables for pre-conversion use. Possible cases 
include when one must convert image data values to image 
data that corresponds to a new ink or new printer because of 
changing the type of ink installed in the printer or because 
of changing the model of printer that is to output the printing 
data. In this kind of case, if a conversion table for converting 
image data is created, it is possible to convert image data 
easily. However, when the resolution of the data recorded in 
the conversion table is insufficient, errors may occur due to 
data rounding. Alternatively, in cases such as when the size 
of the data is small due to conversion, errors may occur due 
to image data rounding. In such a case, it is possible to 
improve the image quality by supplementing the insufficient ., 
resolution by using an encoding coefficient on the data that 
is recorded in the conversion table. 

Above, we explained various embodiments, but the 
present invention is not limited to the embodiments noted 
above, and various embodiments can be implemented with- 
out straying from the scope of the key points of the inven- 
tion. For example, a software program (application program) 
that realizes the functions described above can be supplied 
to the main memory or external memory device of a com- 
puter system for execution via a communication line. Of 
course, it is also possible to use a program that is reads and 
executes a software program recorded on a CD-ROM or 
floppy disk. 

Also, with the embodiments described above, we 
explained cases of image data conversion processing that 
includes tone number conversion processing executed 
within a computer, but it is also possible to execute part or 
all of the image data conversion process on the printer side 
or using a dedicated image processing apparatus. 

Furthermore, the image display device does not have to be 
a printing device that prints an image by forming ink dots on 
a printing medium, but can also be, for example, a liquid 
crystal display device that expresses an image for which the 
tones continuously change by dispersion of brightness at 
suitable density on a liquid crystal display screen. 

INDUSTRIAL APPLICABILITY 

As described above, with the image processing apparatus, 
printing control apparatus, and image processing method of 
the present invention, it is possible to sufficiently draw out 
the potential performance held by an image display device 
and to accurately express even fine level tone changes, so it 
is possible to use this suitably as an image output device. 

The invention claimed is : 

1. An image processing apparatus that converts image 
data expressed by sets of various tone values which express 
a color image into dot volume data related to dot formation 
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density of various type dots which express different tone 
values per respective single dots, said image processing 
apparatus comprising: 

a color conversion module that receives first image data 
expressed by sets of various tone values of a first color 
coordinate system and converts the first image data into 
second image data expressed by sets of the tone values 
of each color which comprises a second color coordi- 
nate system; and 
a dot volume data conversion module that converts said 
second image data into dot volume data of said various 
type dots with respect to each color of said second color 
coordinate system, 
wherein said color conversion module converts said first 
image data into second image data which are increased 
proportionally with the tone value relationship between 
said second image data kept in the same sequence, 
when said second image data is at least in a preset tone 
range where the smallest dots, which express the small- 
est tone value per respective single dots among the 
various type dots, are generated, and 
said dot volume data conversion module converts said 
second image data of which said tone value is increased 
proportionally into said dot volume data which have 
been corrected to be disembarrassed from said propor- 
tional increase. 

2. An image processing apparatus in accordance with 
claim 1, wherein the image processing apparatus further 
comprises a proportionally increased color conversion table 
that records sets of various tone values of said first color 
coordinate system and sets of the tone values of said second 
color coordinate system of which said tone values have been 
proportionally increased, while correlating sets of said first 
color coordination system and sets of said second color 
coordination system, and 

said color conversion module converts said first image 
data into said second image data of which said tone 
values have been proportionally increased, by referenc- 
ing said proportionally increased color conversion 
table. 

3. An image processing apparatus in accordance with 
claim 1, wherein the image processing apparatus further 
comprises a corrected dot volume table that records 
increased tone values of said second image data of which the 
tone values have been proportionally increased and cor- 
rected dot volume data which is the dot volume data 
corrected so as to be embarrassed from effects due to the 
proportional increase of said second image data, with respect 
to each color of said second color coordinate system, and 

said dot volume data conversion module converts said 
second image data of which the tone values have been 
proportionally increased into said corrected dot volume 
data for each of said various type dots with respect to 
each color of said second color coordinate system, by 
referencing said corrected dot volume table. 

4. An image processing apparatus in accordance with 
claim 1, wherein said color conversion module further 
comprises a first image data proportional increase module 
that increases proportionally the tone values of said first 
image so that the tone values of said second image data are 
proportionally increased with the sequence of the tone value 
relationship between said second image data kept the same 
within said preset tone range of said second image data, 
while 

said color conversion module converts the proportionally 
increased first image data into said second image in 
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order to obtain second image data of which said tone 
values are proportionally increased. 

5. An image processing apparatus in accordance with 
claim 1, wherein said smallest dots are the dots which have 

5 the smallest dot size among said various type dots. 

6. An image processing apparatus in accordance with 
claim 1, wherein said smallest dots are the lowest in con- 
centration of colorant among dots for each color of said 
second color coordinate system. 

10 7. An image processing apparatus in accordance with 
claim 1, wherein image data expressed by the tone values of 
each color including at least the three primary colors of light 
are received as said first image data, and are converted into 
said dot volume data of each color including at least the 

15 three primary colors of ink. 

8. An image processing apparatus in accordance with 
claim 1, said image processing apparatus further compris- 
ing: 

a color conversion table on which are recorded sets of 

20 various tone values of said first color coordinate system 
and sets of tone values of each color of said second 
color coordinate system, with these sets correlated to 
each other, and 
a proportionally increased color conversion table gener- 

25 ating module that performs a specified conversion on 
said color conversion table and that generates a pro- 
portionally increased color conversion table on which 
are recorded sets of various tone values of said first 
color coordinate system and sets of tone values of each 

30 color of the second color coordinate system of which 
said tone values have been proportionally increased, 
with these sets correlated to each other, wherein 
said color conversion module converts said first image 
data into second image data of which said tone values 

35 have been proportionally increased, by referencing said 
proportionally increased color conversion table. 

9. An image processing apparatus in accordance with 
claim 8, wherein the sets of various tone values of said first 
color coordinate system which form said proportionally 

40 increased color conversion table are different at least in a 
part from the sets of various tone values of said first color 
coordinate system which form said color conversion table. 

10. An image processing apparatus in accordance with 
claim 9, wherein said proportionally increased color con- 

45 version table records more sets of various tone values of said 
first color coordinate system than said color conversion 
table, with the each set correlated to sets of the tone values 
of each color of the second color coordinate system of which 
said tone values are proportionally increased. 

50 11 . An image processing method that converts image data 
expressed by sets of various tone values which express a 
color image into dot volume data related to dot formation 
density of various type dots which express different tone 
values per respective single dots, said image processing 

55 method comprising: 

(A) a process of receiving first image data expressed by 
sets of various tone values of a first color coordinate 
system and converting the first image data into second 
image data expressed by sets of the tone values of each 

60 color which comprises a second color coordinate sys- 
tem; and 

(B) a process of converting said second image data into 
said dot volume data of said various type dots with 
respect to each color of said second color coordinate 

65 system, 

wherein said process (A) converts said first image data 
into second image data which are increased proportion- 
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ally with the tone value relationship between said 
second image data kept in the same sequence, when 
said second image data is at least in a preset tone range 
where the smallest dots, which express the smallest 
tone value per respective single dots among the various* 5 
type dots, are generated, and 
said process (B) converts said second image data of which 
said tone value is increased proportionally into said dot 
volume data which have been corrected to be embar- 
rassed from said proportional increase. 10 
12. A recording medium in which a program is recorded 
in a computer readable manner, said program actualizing a 
method that converts image data expressed by sets of 
various tone values which express a color image into dot 
volume data related to dot formation density of various type 15 
dots which express different tone values per respective 
single dots, said program causing a computer to attain: 

(A) a function of receiving first image data expressed by 
sets of various tone values of a first color coordinate 
system and converting the first image data into second 20 
image data expressed by sets of the tone values of each 
color which comprises a second color coordinate sys- 
tem; and 

(B) a function of converting said second image data into 
said dot volume data of said various type dots with 25 
respect to each color of said second color coordinate 
system, 

wherein said function (A) converts said first image data 
into second image data which are increased proportion- 
ally with the tone value relationship between said 30 
second image data kept in the same sequence, when 
said second image data is at least in a preset tone range 
where the smallest dots, which express the smallest 
tone value per respective single dots among the various 
type dots, are generated, and 35 

said function (B) converts said second image data of 
which said tone value is increased proportionally into 
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said dot volume data which have been corrected to be 
embarrassed from said proportional increase. 
13. A computer program product for converting image 
data expressed by sets of various tone values which express 
a color image into dot volume data related to dot formation 
density of various type dots which express different tone 
values per respective single dots, said computer program 
product comprising: 

a computer readable medium; and 
a computer program stored on said computer readable 
medium, said computer program causing a computer to 
perform 

(A) a function of receiving first image data expressed by 
sets of various tone values of a first color coordinate 
system and converting the first image data into second 
image data expressed by sets of the tone values of each 
color which comprises a second color coordinate sys- 
tem; and 

(B) a function of converting said second image data into 
said dot volume data of said various type dots with 
respect to each color of said second color coordinate 
system, 

wherein said function (A) converts said first image data 
into second image data which are increased proportion- 
ally with the tone value relationship between said 
second image data kept in the same sequence, when 
said second image data is at least in a preset tone range 
where the smallest dots, which express the smallest 
tone value per respective single dots among the various 
type dots, are generated and 
said function (B) converts said second image data of 
which said tone value is increased proportionally into 
said dot volume data corrected in order to eliminate 
said proportional increase. 



